Contradictory results have been published about the data was adjusted for weight and the daily intake of energy. relation between copper, zinc and selenium and blood pressure (BP). To evaluate the role of these trace Neither serum and diet copper or zinc, nor the zincto-copper ratio correlated uniformly with BP measured elements in BP regulation, we analysed the correlations between BP and copper, zinc and selenium, measured in the same year (correlation coefficients varying from −0.12 to 0.18) or in the subsequent years. Hair copper from serum, diet and hair among 3596 healthy children in a 6-year follow up.
Introduction
concentration in drinking water. 4 Controversial findings have been reported on the In children, serum selenium has been found to role of trace elements, especially copper, zinc, and correlate positively with diastolic BP (DBP) in 627, selenium, in blood pressure (BP) regulation in 12 to 13-year-old subjects, 5 whereas in 722 adult human and animal studies. Vivoli et al 1 measured men serum selenium correlated inversely with mean serum, urine and hair concentrations of copper and resting BP. 6 In rats, selenium treatment induced zinc from 63 hypertensive and 63 normotensive subwater retention and led to a higher BP than among jects and found significantly higher urinary copper the control rats. 7 excretion among the hypertensive subjects than In a longitudinal study with three surveys conamong the normotensive ones. A similar finding has ducted 3 years apart on 3596 children and adobeen reported by Staessen et al, 2 who studied 1982 lescents, BP was measured and copper, zinc and sel-48-year-old subjects in Belgium and found a positive enium were analysed from serum, diet and hair. correlation between urinary copper and systolic BP This unique set of data offered us an opportunity to (SBP). However, in a study performed in the USA, evaluate the role of copper, zinc and selenium in BP was measured and hair samples were taken from BP regulation. 150 healthy subjects aged 13-19 years and no significant relation was found between BP and hair mittees of all the participant universities and all the for dietary copper, dietary selenium, hair copper and hair zinc in order to improve normality. subjects gave informed consent for the study.
In the physical examination, BP was measured at least three times with an ordinary mercury sphygResults momanometer (OMS) in the first two surveys, and with a random zero sphygmomanometer (RZS) in Mean serum copper decreased from the youngest to the oldest age group among both sexes, whereas the last survey. Two cuff sizes were used in order to cover at least two-thirds of the upper arm. Korotmean serum zinc was the same in each age group. Dietary copper and zinc were similar in each age koff's first phase (K1) was used as a sign of SBP and Korotkoff's fifth phase (K5) as a sign of DBP. 10, 11 A group when the daily intake of energy was accounted for. Mean hair copper increased from detailed description of the training of observers and the quality of the BP measurements has been early childhood up to the age of 12 among the females and up to the age of 15 among the males. described earlier. 10 The mean of the three separate BP measurements was used in statistical anlaysis.
Hair zinc increased up to the age of 15 among both sexes. Serum selenium increased up to the age of The BP data of the 3-year-old children were not used, since the measurement of their BP was not nine among both the females and the males and remained stable thereafter. The dietary selenium based on Korotkoff's pulse sounds. The weight of the subjects was also measured. Together with their concentration was similar in magnitude in each group measured (see Table 1 ). parents, the subjects also filled in a detailed questionnaire concerning their state of health and famAfter standardisation for weight, the correlation coefficients between serum copper and BP were ily background. 8 Serum copper and zinc were analysed from fastmainly insignificant, and if they were statistically significant, they varied inconsistently from negative ing blood samples from 3480 female and male subjects aged 3-18 years in 1980, 12 and from males aged to positive values ( Table 2 ). The correlation coefficients similarly varied from −0.07 to 0.16 for the 9-15 years in 1983 and then subsequently males aged 12-18 years in 1986. The copper and zinc conrelation between BP and dietary copper. The correlation between BP and hair copper was negative and centrations of the samples were determined by using the flame technique of the atomic absorption specstatistically significant only for DBP among the females (correlation coefficient −0.11) ( Table 2 ). trophotometry and the single dilution method.
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This method and its accuracy and precision has
The association between systolic and diastolic BP and serum zinc was weakly positive (correlation been reported earlier.
13 Serum selenium was analysed from every other participant in 1980 and from coefficients varying from 0.0 to 0.07), except for SBP among the males in 1983 (Table 3) . Dietary zinc and 589 subjects in 1986.
14 The determinations were made by flameless atomic absorption spectrophoto-BP correlated inconsistently (correlation coefficients varying from −0.11 to 0.06) ( Table 3 ). BP and hair metry (Perkin-Elmer 5000, HGA-400) and commercial standard reference material Monitrol® (Dade, zinc correlated negatively after standardisation for weight (correlation coefficients varying from −0.17 Miami, FL, USA) was used to control analytical quality.
14 A 50% random sample of the subjects to −0.01) ( Table 3) . The serum zinc-to-copper ratio correlated inconcovered in the initial survey were chosen to participate in the dietary interview. Data on food consumpsistently with BP, since the significant coefficients varied from −0.09 to 0.08 (Table 4) . Neither the diettion were obtained by means of 48-h recall interviews in each of the three surveys and the mean ary, nor the hair zinc-to-copper ratio correlated uniformly with BP. Serum copper or zinc did not affect intake of each nutrient was calculated. 15 The mineral element composition, including copper, zinc subsequent BP after 3 or 6 years' follow-up, nor did the serum zinc-to-copper ratio. and selenium, of the foods was estimated on the basis of the data from the Mineral Element Study Serum selenium and BP correlated positively (correlation coefficients varying from 0.03 to 0.14), performed in Finland.
16 Naturally coloured hair samples were collected from the occipital region for whereas dietary selenium and BP measured in the same year (Table 5) , as well as serum Se and subCu and Zn determination from 853 (every fourth) females and males in 1980. The hair Cu and Zn sequent BP correlated inconsistently. analysis was carried out by using the atomic absorption spectrophotometry.
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Discussion
According to Laitinen et al the correlates of the copper measurements are weight, age and sexual
Copper and zinc are important catalysts of several enzymatic reactions in humans. Strain 22 has development, whereas no such correlates of the zinc measurements has been found. Neither did they find described the pathophysiologic role of copper in chronic disease and suggested copper deficiency to any intercorrelations of the metal levels in serum, hair and diet. 20, 21 alter the interaction between vascular smooth muscle cells and nitric oxide (NO) leading to reduced All statistical analyses were performed separately for females and males. Females using oral contracepmicrovascular dilatation and thus possibly to hypertension. The effect of zinc on BP has been suggested tives were excluded. The relations between BP and copper, zinc or selenium were analysed with partial to be mediated through the function of angiotensinconverting enzyme (ACE). According to this suggescorrelation analysis. The data were adjusted for weight and the daily intake of energy. Logarithmic tion plasmatic zinc reduction decreases ACE activity and thus leads to hypotension. 23 These pathophysitransformation was used in the correlation analyses ologic theories offer a possible mechanism of copper leads to hypercholesterolaemia and increased mortality from coronary heart disease. 24 Hypertension and zinc in BP regulation.
Only a few studies have estimated the relationwas also included in this hypothesis by assuming that either hypertension leads to a metabolic imbalship between copper and/or zinc and BP in healthy populations. 3, 4 The results on the relation between ance of zinc and copper, which, in turn, produces hypercholesterolaemia, or that a metabolic imbalurinary copper and SBP were based on a hypertensive population 1 and on a population from which ance of zinc and copper leads to both hypertension and hypercholesterolaemia. 24 Our results among hypertensives had not been excluded, 2 and it may be hence that these statistically significant relations healthy children and adolescents showed an inconsistent relation between BP and the serum zinc-tobetween copper and BP are secondary to hypertension. In our study, serum copper and zinc correlated copper ratio, as also between, the serum zinc-tocopper ratio and subsequent BP. Hence, a high zincinconsistently with BP after adjustment for weight. The relation between serum copper or zinc and subto-copper ratio has no effect on BP, but longer follow-up may be needed to show the effect of the zincsequent BP was also inconsistent. Thus, our results based on healthy children support the negative to-copper ratio on future BP. The body copper and zinc status can be indirectly findings reported earlier among healthy adolescents and 50-year-old males. 3, 4 evaluated through hair and diet values. Hair concentrations are frequently used as an indicator of longThe zinc/copper hypothesis, which was presented in 1975, suggested that a high zinc-to-copper ratio term body trace element status. 25 However, several 
